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FOREWORD

The work described herein was car- and Colonel H.M. Sweeney for their aid in
ried out by the Anthropology Section, Bio- inaugurating the program.
physics Branch, Aero Medical Labora-
tory. under the authority of Research and We are indebted to the Commanding
Development Order R-695-71, 'Anthro- Officers and staffs of Barksdale, Berg-
pometry of USAF Personnel', and at An- strom, Brooks, Ellington, Fairfield-
tioch College. Yellow Springs, Ohio under Suisan, Lackland, Lowry, March, Mather,
Contract AF 18(600)-30. McChord, Randolph, Selfridge, Spokane,

and Westover Air Force Bases for their
The program was initiated by Mr. H. friendlyand helpful reception, and to their

T.E. Hertzberg, Chief, Anthropology Sec- respective Commands for permission to
tion. He and his assistant, Lt. G. S. Dan- visit these Bases.
iels, USAF (MSC), organized the program,
selected the itinerary, planned the meas- In addition, we feel deeply grateful to
uring routine, and trained the teams, the 4,000 men who submitted themselves
They alternately supervised the survey to *the fastest and most thorough going-
during its tour. over they'd ever had". They were friendly

and cooperative throughout.
Upon completion of field work in Aug-

ust 1950, statistical reduction of the data James Bohle, Donald Clark, Niel Fet-
was begun at Antioch College. Lt. Daniels ter, Charles Grover, Richard Kalish,
was appointed project director for the Gordon Guenther, Kenneth Kreitner,
Anthropology Section and Mr. Edmund Richard O'Kane, George Saunders, Rob-
Churchill was named Principal Investi- ert Smith, Paul Taberski, and Keith Tay-
gator for the Contract by Antioch College. lor, members of the measuring team, de-
Since that time, the conduct of the pro- serve special thanks for the excellent and
gram has rested largely in their hands, sustained job they did.

The organization and accomplishment The authors are grateful to the Con-
of a program of this type requires the aid tractor's staff for their handling of the
of many persons and agencies. It is not millions of calculations needed in a work
possible to mention by name all of the in- of this size. In particular, thanks are due
dividuals who helped to 'get the show on Mrs. Virginia Brown, Mrs. Sheryl Wor-
the road' and keep it there, but we are rall, and Mr. Irvin Emanuel. Thanks are
grateful to all of them for their fulfill- also due Mr. Frank P. Saul of the An-
ment of our numerous needs. Special thropology Section for his help, and Mrs.
thanks, however, are due to Colonel Wal- Cleona Allen for preparing the visual in-
ter A. Carlson, then Chief, Aero Medical dex. The editorial skill and care of Mr.
Laboratory (Dec. 1949). whose under- H. Lee Jones and Mrs. Marjorie Martin,
standing and approval of the program and both of the Aero Medical Laboratory,
staunch support at critical moments, were especially valuable in readying the
made the entire undertaking possible. We report for the printer, and the authors
are also grateful to Colonel A. P.Gagge are grateful for their aid.
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ABSTRACT

Body size data for 132 measurements of over 4,000 Air Force
flying personnel are presented. Organization of the survey is brief-

a. ly discussed and the techniques of measurement are illustrated by
photographs for the benefit of other anthropologists. Both diametral
and surface measurements are included. Dimensions are given in
both centimeters and inches.

A description of the statistics andan explanation of their use are
given with some discussion of certain statistical shortcuts employed
in the reduction of the data. The tabulations include range, mean,
standard deviation, coefficient of variation, and twenty-five selected
values from the first to the ninety-ninth percentile. Means and
standard deviation values for each dimension are also given for nine
subgroups based on flight duties.

A Glossary and Bibliography are included.

These data are presented for use by the designers of aircraft,
clothing and equipment.

PUBLICATION REVIEW

This report has been reviewed and is approved.

FOR THE COMMANDER:

JACK BýOLLýERUDý
Colonel, USAF (MC)
Chief, Aero Medical Laboratory
Directorate of Research
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INTRODUCTION

The Anthropornetric Survey Team of 1950 visited fourteen Air Force Bases and

took 13Z body measurements, some sociological data and four somatotype photo-

graphs of each of more than 4,000 Air Force personnel in all flight categories. The

authors believe this to be the greatest number of measurements ever taken on so

large a series of subjects. Although most of the measurements are considered con-

ventional by physical anthropologists, approximately 35 are believed to be entirely

new.

Numerous surveys had been taken in the past, some large ones relatively re-

cently, on both Air Force and Ground Forces personnel. Many persons askedwhy

was this new survey necessary? Why would not former surveys suffice? Why so

many subjects? And why so many bases? Reflection showed that there were several

reasons for a new survey. The main reason lay in the immediate need for entirely

new information about bodily dimensions. Rapid developments in aircraft had

resulted in physiological stresses on crewmen undreamed of only ten years before.

To counteract these stresses a skin-tight garment had to be worn. The loosely-

fitted flying clothing of World War II had been adequately designed by the use of con-

ventional body diameters and segment lengths taken at that time-stature, shoulder

breadth, chest depth, sitting height, arm length, etc.-but obviously a skin-tight

garment would demand something further. New measurements would have to be

developed to find out how a man's skin fits him. Furthermore, because such cloth-

ing was intended only for Air Force flying personnel-a group highly selected by

various criteria from the population at large-the new survey would have to be

limited to that group. And finally, the Air Force sample measured would have to be

large enough for an accurate appraisal of the full range of air crew body size. Con-

sidering the expense of procuring a skin-tight garment, anything less might have been

false economy. The risk involved in basing such a procurement on an inadequate

WADC TR 52-321 -1-



sample was clearly too great.

The present volume contains only the main summary statistics and percentiles

of the dimensions of the total series and its subgroups, with the necessary support-

ing descriptions of techniques and statistical procedures. While this information

is immensely valuable in direct application by designers of machinery, clothing,

and personal equipment, it is not all that can be extracted from the raw data of the

Survey. Further statistical studies are planned to investigate the generalities of

body configuration, and the relations between dimensions of various segments, es-

pecially with regard to physical type. These willbe published as they are completed.

The text and tables of this volume have been painstakingly scrutinized many

times for errors, but in a work of this magnitude some mistakes must still be

present. The authors will be grateful to have them pointed out as they are found.

bMcChord,

March •

0 Barksdale

Ellintoten

• Randolph •

Figure 1 - Location of Bases
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SECTION I- THE SURVEY

Sixteen Air Force Bases, well scat- niques were analyzed as motion-and-

tered about the United States, were se- time problems, then redesigned to elim-

lected for a team visit, the planned inate the making and breaking of the
sample to number about 5,000 men. As anthropometer, to minimize the picking-
a result of the Communist invasion of up and laying-down of instruments,
Southern Korea on 25 June 1950, just changing of subject postures, and the
when the Survey was in full swing, the like. Generally, the sequence of meas-
Survey had to be terminated when only urement was from the top downward
80% complete. Two bases were not and outward, in logical progression, for
visited. As it turned out, the 4,000 man any body member.
sample thus obtained was adequate for
most purposes. Most of the measurements taken

were conventional body diameters or

The Air Force Bases to be visited segment lengths, well known to anthro-
were chosen with care. For one thing, pologists and adequately described in the
time was limited by the period of team literature. These were retained not
availability. Then, too, for scientific only because they afford standards of
adequacy as well as economy, each base comparison between the present sample
selected had to provide enough subjects and previous samples similarly meas-
to justify the expense of a visit and, ured, but because many such measure-
from an overall view, the personnel it ments, such as stature and hip breadth.
furnished had to be of the proper flight have direct utility at any time.
categories needed for adequate Air Force
representation. (For breakdown by About thirty-five measurements, de-
aero-ratings see Section III.) signed to answer specific or anticipated

Air Force needs, were quite new. From
The bases visited had to be widely a functional standpoint, one fault of pre-

distributed throughout the country vious surveys was the measurement of

because regional differences in body the body in a fixed and sometimes un-
type are known to exist over the United natural posture, without consideration
States, and, during peace time, men tend for its ability to move and stretch. Since
to seek assignment to military install- any skin-tight garment must obviously
ations near their homes. While the need allow for body stretch, mobility of the
for this last precaution could not be shoulders, elbows, and knees had to be
conclusively demonstrated prior to the taken into account. In addition, some body
Survey, enough indications of its desir- measurements were taken to indicate
ability existed to justify some expense the 'space envelope' through which a
as an experiment to evaluate the need of man moves to perform his flight tasks.
selecting bases throughout the country,
both for the present and future surveys. The field data blank (Figure 2) was
(The precaution of diversity was later designed for the eventual transfer of all
found to be justified. See Appendix B, information to I. B. M. punch cards for
"The Sample".) The tour covered ap- statistical analysis. Because any infor-
proximately three-quarters of the United mation punched into a card is readily
States. extracted regardless of where it is

punched, measurements on the field
In organizing the measuring routine, blank did not have to be groupedaccord-

the central thought was to reduce the ing to anatomical areas or planned use
waste motion of measuring operations of material. Position of a measurement
to a minimum. While new measurement on the blank was intended solely for
techniques were being devised, old tech- ease and efficiency of use by the record-

WADC TR 52-3Z1 -3 -



ANTHROPOMETRIC SURVEY BLANK

N.1 123 4 OBSERVATION CODE ýDATE_ . ........

LOCATION .. ............

NAME........

SERIAL NO..

5 0 RANK...

6 f7 AFRO. RATING..

7, 8 EDO AGE - .1.1 - (last birthday)

9, Q BIRTHPLACE of SUBJECT.......... .... (State, if U.S.A.; or country if foreign)

10 0 BIRTHPLACE-FATHER.

11 0 BIRTHPLACE-MOTHER

12 0l RELIGION................(Protestant', Catholic', Jewish3, other')

13 0l EDUCATION (Highest grade comopleted) (r eadI and wrcite', grade Schools, high school', special training [tech., bus., eC.J', College',
professional-)

14 F-1 MARITAL STATUS .(single', mirred2, divorced or separated', widower-)

15 7 RACE .. (Whitcl, Negeo', Indian3, MongoloId' othor')

DO NOT WRITE BEYOND THIS LINE

16 0~- HAIR COLOR Iblk.', dI. br,2 br.', red be.', gld. bee', ash br.4, golden', ash", reds, white'
0
, graying"')

17 0 HAIR FORM (straight', low waoT', deep waOse, curly', frizzly5)

I8 0l SKIN COLOR (pile', emed. pink', ruddy', brunr', Swarthy', yellow brown', dk. brow.', black")

19 0l BODY HAIR QUANTITY (obscrat, Sm.A, +I-, + +4, + + +.)

20 0 EYE CDLOR-Non-pignmntcd (dk. bluc', mod. bluc". It. blue', gr~y-blue', geoys(

21 0] EYE COLOR -Mtied (dk. blue', mxed. blue", It. blues, grmy4, geo~n.
5 

green", yellowT. orange', It. beowo', dlk. be.")

22 0 EYE COLOR-Pigmoented (it. brown', red beowo', dlk. beownA, block')

-o. Subeteruale Suprastaroale PenaJle First Phalanx III

NIMLAOA ... ~ _______ ACTION- HT...J.A
SAS CIC__________- 0500 I......... CIE. _... -E1L HT.-5 FURo o ee.. WIDT

C.CAT CIAC___________-.. t A. LAT. NUMERAL ERICOSOTLI T..... M -_ I _ MLTIAU L-tTO _________

WAIST CISC. _________- WAIRT Nt .___.........I T - FOOT 111T1-1...5

TIeCIC ..... CM AI ETteARPALt RAA. AT.... ......- ___- 1.EnAN___ _ I. I

t.t.ES T.-~ CISc. 'LA-4..... SU~A ~HN...-~. .... n... MtN,.. FSACEL DI.,_____

CAL' C-S -j 1- CROTCHA HT. 15I-t 1-tM .1 -. TI 0- ________ _________
OPTALA CICC- . PATELLA HT. .-- --.- On___ ... R IAARTIC CIA - - ._________________

BILL or FTOTCIA______ I' - SITIITOT .....- " .- '.. 8GOtIltL CIA-_______

A., OCTE.........- ITT.ReAL CAoou END . IS......... A - __.. DIT.toI OrA. -

OATI.I.ARMO CIC.......... A� . L MrOAS . ITI5I.............. STG.. 5 IOCULAA OIA____ -__ ._

-ICEsCIIC. ITUCAI....... I. WAItT MI. I - . 5 1 I- T1tROCUIAS DIA .. "II ___
EIo CAI EL.. N. 15 - T f . TATASPILLART DISTAoCE _ _ A....... . 5

ELBo- AIMCHC. :,ese 1. HT.DI-________L-T _

WRINSE C-S __ *L KNATTIA.. .ATII NASAL S~tADATA .

GLOVeOt SITE___ PO"TLIAL T.II............ NASAL REOT B...T ___

_____IVAN- - _ BOTTAC-K.rt LEOO. .. NASALTA T,..____

SL- LA -STOOLOCNEL~oLE LENTH _-.......... POILTRUS TO. ____

STOLL.tS UNIcT - - 5 ..... FoStAAII LATT ... ...... t.TI.-CLASUR ALI HT.T _______

GLUeTAL ARC- 5..i.. I-...T Otto 0.1A.T I. M. . OULTH TA~e __

C -E.TI . _ - T, _ I-... , SOTTOC- LI. L--CT .. . .. . I- EAT TCI11TT _ _ .... .

OANI-CAI T.... CISC,______ - TA.........I... RBtC.C.- D,- . . EAR OSA-TO....

SRGOTTLTARC __ _II C.... W- _ - ._.__ - EAPRTSI _ ____ ____

CO..O. L A- _.....______ I WAIST WIte.. .. A .1 MENTON PRAICTIOC

MINIS.., .. I.STL. AMC A1 HE CCeRIO TA,,'M LAATI.. ..... T...4.
SITNACI~~~~~~~~~e-MIT~~I_ FITIA I--..... AN osOSTSSIA OTERICOR O 4111 O.. ...

ITAIT.CI AIO -. WAIST DATCIA.-. CUSICL. HT .-.E ..... T...
13ITRAICA-M-OITN ABC...R -OITOSOPtAIs . ARM IAOCT1 TO WILL-....

SC..MAR.-SOLA AlCl .. __ [" I I.I MAt REACHOtW~t. 1.... 5..

BIT ......S-utNSO ... "CI HAND. . . . . .I, p FUIICTIOINeL RrTACT -- -

POSTER-O ARC--...- I ANDe OREAATt AT MAt- -IL- I. I- _ -.

11TI~oSAI-ItiCS ARC TA.D.IMEADT AT TTUAA ....... - WALL To NASSL RoC _____

I.TtRSIT IsI.-- --...... I.-. T.ICIOXItSAT MEITA. III-~ ... WALL To TAIG010 - -

I_____ P....M- .#IALS LIMITT"---- - WALL T OTI
MtA1. CT 01. SIs ON -5 F- . - 111.SNTO..5COIIN -
001..CS. S I~ .. II CICIS 11. _____ . Al..I.SO TTT .tTCO OSET.......

AT .. ~lZ.... H, ýH HGTe It lOT. MAILLSLU____ -" OTANDE AOPORI IT
SNTERNAL CAOTAUS ME rikizi. - AbTa, MID, MALLEOLII........ - EYSIOIA______

NASAL tROO MT. --.

Figure 2 - Survey Blank
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er, so that tape measurements appear in for their completion. Each man alter-
one column and caliper measurements in nated between measuring and recording
another. at about two hour intervals to minimize

fatigue. A subject being measured car-
Head measurements are noted in a ried his blank along from one group to

number of places. Similarly, measure- the next in 'production-line' fashion, hav-
ments on standing subjects are found in ing his measurements filled in at each
different places on the blank from those stop, and finally relinquishing the com-
made on sitting subjects, even though the pleted form to the photographer who took
same type of instrument was used in both four photographs of him to complete the
cases. In a few instances, mistakes of record.
item placement were found after the
blanks were printed. Requirements for When working at peak speed it was
four new measurements were realized possible to process subjects at the rate
after the blanks were printed. These ad- of approximately 170 in a seven-hour day,
ditional data were simply written in at or one man every 2.5 minutes. Such ex-
convenient locations on the blank. hausting occasions, however, were not

normal throughout the Survey. In gener-

A survey of this magnitude obviously al, the schedules were held to about 100
could not have been carried out by the to 120 subjects daily.
Anthropology Section alone, as it consist-
ed of only two physical anthropologists The standard anthropometric instru-
at that time. A source of manpower had ments (Figure 3) were supplemented by
to be found, measuring-board techniques to satisfy

the requirement of speed with accuracy.

After a considerable but fruitless
search for academic anthropological de-
partments interested in such a program,
a contract was let to Antioch College,
Yellow Springs, Ohio, for the services of
twelve untrained students to form a meas-
uring team and for subsequent statistical
reduction of the data gathered. To use
the students, the tour had to be within the
period the men could spend away from
classes.

Team training was intensive. Each
man was measured by the supervisors,
then he, in turn, had to demonstrate re-
peatedly his ability to match these meas-
urements on each of his fellows. Practice
went on for eight hours a day. The men
were subdivided into six pairs, each pair
to specialize in a specific series of meas-
urements. Within one week every man
knew his job and the team departed on its
scheduled tour.

On the road, the complete survey
team consisted of a supervisor, a photo-
grapher, and the six pairs of measurers.
Each pair had its portion of the field
blank to fill in, these portions having been
planned to require equal periods of time Figure 3 - Anthropometric Instruments

WADC TR 52-321 - 5
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i ! ¸¸ .~...... .. L ... ... ...

Figure 4 - Foot Measuring Block

Grid sheets graduated in centimeters grip diameter was measured with a
and millimeters were prepared so they graduated cone (Figure 5).
could be tacked on the wall at a known
distance from the corner of a room. By As a further aid to measuring, cer-
such means, span and the several arm tain points and lines were marked on
lengths were taken without the clumsily- the subjects' bodies with wax pencil to
held anthropometers. Foot width, foot facilitate and standardize the location
length, and instep length were similarly of anatomical points by the six meas-
taken with a special box. Ankle heights uring pairs. These marks, made by
were taken by means of a block with a the first pair, eliminated the need for
millimeter scale mounted along the ver- any palpation or further searching for
tical edge (Figure 4). these points by the other five pairs.

The location of the points is described
Finger diameter was quickly and in Appendix A 'Glossary and Marked

accurately obtained by a series of Points' and illustrated there in Figure
graded holes in a sheet of plastic, and 8.

i 4

I i

Figure 5 - Finger Board and Measuring Cone
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Descriptions of the exact techniques may have.
of measurement accompany the statistical
summaries in Section II. The techniques It appeared particularly important
are further illustrated there by photo- that titles which suggest anything to the
graphs and schematic drawings. layman should not suggest the wrong thing.

'Sleeve length' seemed thoroughly im-
In preparing these descriptions, an bedded in the literature of the clothing

effort has been made to achieve a balance trade and 'head height' too imbedded in
between the oft times conflicting desires the literature of anthropometry to be
for descriptions written in ordinary, non- dropped, therefore, both have been given
technical language, and for descriptions parenthetical modifiers to warn the lay
which are anthropologically precise, person of what these terms are not.
Sometimes general terms are followed by
technical ones placed in parentheses as, The word 'height' has been reserved,
for example, 'bottom of the nose (sub- with the exception just mentioned, for di-
nasale)'. In all such instances, the tech- mensions measured vertically from the
nical term is to be understood as taking floor, the sitting surface, or the footrest
precedence over the nontechnical term surface. All straightline right-to-left
whenever there is any conflict between measurements are designated as breadths
the two. In some cases, the precise loca- or, in certain cases, diameters. Front-
tion of a point (e.g., end of the ulnar sty- to-back measurements on the torso are
loid process) is followed by a further and, called 'depths'.
perhaps, redundant general location of the
point (e.g., at the little finger side of the The dimensions tabulated in this re-
wrist). In a few cases (e.g., shoulder port are intended to represent closer ap-
height), it was felt that the title would proximations to body surfaces than have
serve as a general description of the di- hitherto been available. Dimensions of
mension being measured and that a some- body segments have been tied to other di-
what technical description would suffice. mensions of the body as a whole, so there

are fewer "floating" zones, i. e., body
Undoubtedly these efforts to write de- zones whose positions in space are un-

scriptions which would satisfy bothengin- known because they have not been related
eers and clothing designers on the one to known anatomical points. But even
hand and anthropologists on the other has where both diameters and circumferences
not been uniformly successful. It is hoped are available, the shape of the surface is
that readers from each of these groups still not known-consider the complicated
will realize the necessity of considering topography of the head and face-so it is
the needs of the other group at this point, clear that entirely novel techniques must
as well as at other points, in the prepara- be developed for a more accurate delin-
tion of this report. eation of body form. Research in the

field of measurement is continuing toward

All technical terms used in these de- the ideal of a complete metrical specifi-
scriptions are defined in the glossary. It cation of the body surface. Once the hu-
should be noted that 'stands erect' and man topography with its variability is
'sits erect' are here considered technical statistically known, a reasonable approxi-
terms; the glossary should be consulted mation to body size and shape for any ap-
for their exact meanings. plication will become possible as a start-

ing point for design.
Nontechnical titles have been used

whenever short and reasonably precise The reader may wonder why dimen-
ones were available. Such titles have not sions are given in both metric and Eng-
been found for all dimensions, this being lish systems. Anthropologists generally
particularly true of the head dimensions, use the former, while engineers in the
It is hoped that the visual index and the ex- United States use the latter almost ex-
tensive cross-indexing in the regular in- clusively. Because this report is intended
dex will enable the reader to find any di- to be of use to both groups, both systems
mension, no matter what sort of a title it have been presented.
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Section II
TOTAL GROUP OF FLYING PERSONNEL

Page
WEIGHT 11 CIRCUMFERENCES AND BODY SURFACE

MEASUREMENTS
BODY LENGTHS Neck Circumference 33

Stature II Shoulder Circumference 34
Traglon Height 12 Chest Circumference 34
Eye Height 12 Waist Circumference 35
Nasal Root Height 13 Buttock Circumference 35
Cervicale Height 13 Thigh Circumference 36
Shoulder Height 14 Lower Thigh Circumference 36
Suprasternale Height 14 Calf Circumference 37
Substernale Height 15 Ankle Circumference 37
Nipple Height 15 Scye Circumference 38
Elbow Height 16 Axillary Arm Circumference 38
Waist Height 16 (Flexed)
Penale Height 17 Biceps Circumference (Flexed) 39
Wrist Height 17 Elbow Circumference (Flexed) 39
Knuckle Height 18 Lower Arm Circumference (Flexed)40
Gluteal Furrow Height 18 Wrist Circumference 40
Crotch Height (Inseam) 19 Sleeve Inseam 41
Kneecap Height 19 Sleeve Length (Spine-to-Wrist) 41
Sitting Height 20 Anterior Neck Length 42
Eye Height, Sitting 20 Posterior Neck Length 42
Shoulder Height, Sitting 21 Shoulder Length 43
Waist Height, Sitting 21 Waist Back 43
Elbow Rest Height, Sitting 22 Waist Front 44
Thigh Clearance Height. Sitting 22 Gluteal Arc 44
Knee Height. Sitting 23 Crotch Length 45
Popltteal Height, Sitting 23 Vertical Trunk Circumference 45
Buttock-Knee Length 24 Interscye 46
Buttock-Leg Length 24 Interscye Maximum 46
Shoulder-Elbow Length 25 Buttock Circumference. Sitting 47
Forearm-Hand Length 25 Knee Circumference, Sitting 47
Span z6
Arm Length to Wall 26 THE FOOT
Maximum Reach from Wall Z7 Foot Length 48
Functional Reach 27 Instep Length 48

Foot Breadth 49
BODY BREADTHS AND THICKNESSES Heel Breadth 49

Elbow-to-Elbow Breadth 28 Bimalleolar Breadth 50

Hip Breadth. Sitting 28 Lateral Malleolus Height 50

Knee-to-Knee Breadth, Sitting 29 Medial Malleolus Height 50

Biacromial Diameter 29 Ball of Foot Circumference 51

Shoulder Breadth 30

Chest Breadth 30 THE HAND
Waist Breadth 31 Hand Length 52
Hip Breadth 31 Hand Breadth at Metacarpale 52
Chest Depth 32 Hand Breadth at Thumb 53
Waist Depth 32 Thickness at Metacarpale II1 53
Buttock Depth 33 Palm Length 54
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First Phalanx III Length 54 Lip-to-Lip Distance 65

Finger Diameter III 55 Lip Length (Bichelion Diameter) 66

"Grip Diameter (Inside) 55 Ear Length 66

Grip Diameter (Outside) 56 Ear Breadth 67

Fist Circumference 56 Ear Length above Tragion 67
a Ear Protrusion 68

THE HEAD AND FACE Head Height 68

Head Length 57 Menton Projection 69

Head Breadth 57 External Canthus to Wall 69

Minimum Frontal Diameter 58 Nasal Root to Wall 70

Maximum Frontal Diameter 58 Tragion to Wall 70

Bizygomatic Diameter 59 Larynx to Wall 71

Bigonial Diameter 59 Head Cricumference 71

Bitragion Diameter 60 Sagittal Arc 72

Biocular Diameter 60 Bitragion-Coronal Arc 72

Interocular Diameter 61 Minimum Frontal Arc 73

Interpupillary Distance 61 Bitragion-Minimum Frontal Arc 73

Nose Length 62 Bitragion-Crinion Arc 74

Nose Breadth 62 Bitragion-Menton Arc 74

Nasal Root Breadth 63 Bitragion-Submandibular Arc 75

Nose Protrusion 63 Bitragion-Subnasale Arc 75

Philtrum Length 64 Bitragion-Posterior Arc 76

Menton-Subnasale Length 64 Bitragion-Inion Arc 76

Menton-Crinion Length 65

The material presented on the fol- scription and Use of Statistics", should
lowing pages consists of descriptive suffice to explain the meanings and uses
statistics for a series of 132 measure- of these terms.

ments made on a group of over 4,000 Air
Force flying personnel. Since most users of this report will

not be anthropologists, a description,

The design engineer will find here a photograph and schematic drawing of the
comprehensive set of data providing de- measurement accompanies each set of

tailed information applicable to many data.* Thus each set of data can be

problems of human fit, whether of cloth- used without any need to refer to other

ing, personal equipment, or some phase pages of this or other reports for a full

of the ever-increasing man-machine understanding and utilization of the

complex. This information is meant to be material. A glossary of technical terms

used, not stored away as an impressive is given in Appendix A.

collection of mathematical tables.

Some familiarity with simple statis-
tics, however, is desirable in the use of *Further comment is needed on one

these tables. Once the engineer becomes measurement: buttock-leg length. Many

familiar with the nature of the statistical subjects could not flatten the knee to the

information available for each measure- table while keeping the buttocks against

ment, he should encounter no trouble the wall. The resulting measured values

in applying this material. For those who may fall somewhat short of the theor-
are not already acquainted with means, etical dimensions. They are considered

standard deviations, percentiles, etc., a valid, however, for cockpit design

few minutes devoted to Section IV, "De- purposes.
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Pe ....iWe Val-~

%7 CM IN.
-1 16173 63.5
2 163.0 64.Z
3 164.0 64.6
5 165.5 65. 0

167.6 66,0
315 69.1 66,6
3O 170.4 67. 1

Z5 171.4 67.5

30 170.4 67. 9
35 73.3 68. Z
40 174 1 1 I8

374.3 6."C *45 174.9 68.9"J .. 50 1375.6 69.1"B A - s55 176.4 69.4
A--STATURE 60 177. 1 69. 7

65 177. 9 70. I
Subject stand, erect looking directly lorward )head oriented in 70 75.8 70.4
the Frankfort plane). With Ihe an1hropore lorar e ir- mly 75 179.7 70.7
to ,chng Ohe sI alp, a..re• he 1verticl di.tInce from. the floor 850 30. 7 73. 1
to the top of the head. 85 181.9 73.6

90 383.5 70.2

F7 Mean: 175.54). 30) on; 69 W1. 04) in. 95 385.8 73.1
F - " andard Deviaion: 6. 19(. 07) con; 2. 44. 03) i.. 97 187.3 73.7

G Range 1 51-197 con; 59.45-77. 56 in. 98 388.5 7,|3.
Hw V - 3. 5 3( 04), N -.406Z0 . 99 390.3 7.3.9

Figure 6 - Typical Layout

Figure 6 shows a typical layout in An alternative method of presenting
this first data section. "A" is the Title standard errors is to precede them by
of the measurement beingdescribed. "B" a plus - or - minus sign. Readers
is a Written Direction for the taking of accustomed to this method should rec-
the measurement. "C" is a Line Draw- ognize that 69.11(0.04) inches, as used
ing of a subject with the measurement here, and 69.11 ± 0.04 inches are abso-
shown schematically as a dimensioning lutely identical in meaning.
arrow, or, in the case of circumferences,
as a black band. A straight dimensioning "F" is the Standard Deviation of the
arrow indicates a straight-line, point-to- measurements, also followed, in paren-
point measurement. A curved dimen- theses, by its Standard Error. "G" is
sioning arrow indicates a body surface the Range of the measured values. "H"
measurement, that is, one made between is the Coefficient of Variation, desig-
two points but following the actual surface nated, as is usual, by the letter V, and
of the body rather than a straight line. followed by its Standard Error. "I" is

the number of men considered in pre-
"D" is a Photograph of the measure- paring these tables.

ment being made on a subject. In many
cases this serves to show more anatom- "J" is the Percentile Table. Stan-
ical detail of the specific location of the dard errors for the percentiles are not
measurement plus the actual use of the given here but can be obtained from a
anthropometric instrument concerned, table which appears elsewhere in this

report. The mean, standard deviation,
"E" is the Mean of the measure- range, and percentiles are given in both

ments recorded for all the subjects con- metric and English units.
sidered in the preparation of these tables.
The Standard Error of the Mean is given The statistics presented in Section
in parentheses immediately following the III are based on the same data as are
value of the mean itself. Thus, the mean those of this Section. In Section I11, how-
of the statures is 175.54 centimeters with ever, these data have been broken up in-
a standard error of 0.10 centimeters or, to subgroups based on the type of duty
equivalently, 69.11 inches with a standard performed in the air by the measured
error of 0.04 inches. men.
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